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Abstract 
This paper presents a case study on realizing a 3D model of surfaces that will be leveled in order to build a shopping 
center. In the first phase, devices and methodology adequately used are presented, being adapted specifically to the 
existing situation on the ground and to the required accuracy for lifting. Results desired in this case study are 
primarily focused on tracking effectiveness, efficiency and accuracy of levelling works, made using modern 
technology as compared to classical. Benefits achieved by drawing the three-dimensional plan of the surface are also 
highlighted and compared to conventional horizontal representations. Through the representation in three-
dimensional space of the surface to be constructed, an accurate and suggestive picture was obtained of both existing 
relief and desired relief built through levelling. 
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1. Introduction 
As stated by Zavoianu Florea et al., classical plane representation of objects and surfaces by maps and plans in 
the current technological progress seems to be a simplistic solution which does not correspond to man’s three-
dimensional perception of space and the environment. Technology field data collection has developed and improved 
continuously, along with advanced systems for acquisition, processing and representation of results. This has led to 
imposing new products on the market, such as land information systems, GIS, three-dimensional digital maps, 
which have significantly improved the perspective representation of objects and relief in Paunescu, 2002; Onose, 
2002; Calina et al., 2014). 
To carry out earthworks surveys, specialist must perform high precision levelling work using modern 
topographical equipment of the latest generation such as GPS, total stations and digital levels. During the runtime he 
must ensure the volume of excavation to be the same with the filling volume, which can only be done by calculating 
the volume of earthworks in relation to the average Z0 height of leveled land (Neuner, 2000, 2002; Onose, 2004). 
In practice the following methods are used: a) the embankments calculation by method of weighted average 
height or arithmetic average height, when measurements are made by squares method, in which case the heights 
corner squares covering leveled surface are determined by geometric levelling (small squares method), or can be 
obtained from the plan with level curves through interpolation - version accepted only when earthworks do not 
require high precision; b) embankments calculation based on a plan that has drawn level curves, when the contour of 
the platform is on the plan (Calina et al., 2010, 2013). 
2. Material and methods 
In the performed case study, calculating the earth moving volume was accomplished using specialized programs 
such as the TopoLT program that works in conjunction with AutoCAD or IntelliCAD. TopoLT represents an aid 
program for those willing to create topographic and cadastral plans in a digital format. In order to perform the 
calculation of earthwork volumes, point of coordinates (X, Y, Z) should be reported first in AutoCAD, then proceed 
to creating the 3D terrain model. 
 This begins with the M3D command, with which three-dimensional terrain model can be created using points that 
have X, Y, Z coordinates or spatial lines and polylines. The interpolation method for this version of the program is 
just the method of triangulation with linear interpolation (Linear Interpolation with Triangulation), developed by 
Peuker et al (1978), which uses Delaunay triangulation (Neuner, 2000, 2002;Onose, 2004; Paunescu, 2012). 
The result is a network of triangles (TIN - Triangular Irregular Network -type structure, Figure 1a) perfectly 
circumscribed in circles, which ensures that the distance between the points that form the triangle ends always be the 
minimum. Coordinates and attributes of the three ends are stored for each triangle, along with the topology, slope 
and inclination direction of the triangle surface. Triangulation works best when the data is distributed uniformly 
over the surface that will be interpolated, in which case using linear polynomial or cubic interpolation yields better 
results for large data sets, as well as being faster. 
Figure 1. (a) TIN structure type; (b) Cases applying 3D model creation - at forced change of slope. 
The options for the command to create the 3D model are: 
x a 3D model can be achieved in gradual colors which vary from the minimum to the maximum heights (the color 
performance is limited to 256 colors by the CAD program). Minimum and maximum color selection can be 
done using the program setup option or through the Om3dcommand; 
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x  from the points that have been selected to achieve the 3D model, points of a certain height can be removed, the 
default value being for the points of 0.000 height; 
x to create a 3D model, lines or polylines can be selected where the 3D model has a forced change of slope. Lines 
or polylines selected must pass through topographic points with X, Y, Z coordinates or be drawn in space; 
x a 3D model can be limited in an area by selecting a polyline that differentiates the area you want to create the 
3D model. By selecting this limit one cut of the 3D model build will be created, through all selected points. 
Cases to which a creating a forced change of the slope 3D model applies (Figure 1b):
Legend: 
With the 3D model created we can proceed to calculating volumes. This is done with the Vol command 
(calculated volume for the 3D model), with which one can calculate the volume created between a 3D model and a 
plane of constant Z height or the volume created between two 3D models. For the calculation of the volume the top 
3D model can be selected or a plane of Z height, that is the top surface of the body for which the volume is 
calculated, and a below 3D model or a plane of Z height, that is the bottom surface (reference for calculating the 
positive and negative volume). The rule of forming positive and negative volume is simple: the part above the 
reference surface is always positive volume and the part under the reference surface is negative volume, whether the 
reference surface is a constant height plane or a 3D surface (Figure 2). 
In addition to positive volume and negative volume, area in plan and sloping area (held)are calculated, 
corresponding bodies forming these volumes. To understand what a sloping area is, an eloquent example would the 
area with which a mountain is covered with a thin layer of snow. When calculating the volume between two 3D 
surfaces, sloping areas are calculated for the top and bottom, positive and negative volume. 
The outline in plane may be limited by a polyline on the condition that it exists within the 3D model or in the 
case of selecting two 3D models, inside both 3D models. If the polyline is not inserted, the calculation will be made 
according to the limit of the 3D model or in the case of selecting two 3D models, according to the limit obtained by 
the intersection in plane of the two limits. A contour polyline may contain arcs or for the contour, a circle can be 
selected. 3D models that have holes (3D faces missing) are also accepted. 
The volume is calculated as a sum of 3D solids (truncated prism), which are obtained by the spatial intersections 
between 3D model and a constant height plane or spatial intersection of two 3D models. The calculation method is 
purely geometrical. Approximation methods are not used, therefore it is desirable that the 3D models used describe 
the ground as accurately as possible. 
3D bodies (truncated prism) may be drawn or not, the choice of drawing these bodies can be made using the 
Om3d command, where the 3D surfaces can be of any shape with triangles or grids, any three-dimensional entities 
being accepted on the condition that they are not closed spaces (case of a sphere) or they do not contain holes in the 
surface (in the case of a cave). When such surfaces exist where the 3D faces are overlapping, volume calculation can 
be done by dividing the area into several pieces. 
When using the 3D model grid entity of the "Polygon Mesh” type (smooth surface) it is recommended that the 
number of vertices at interpolation to be large enough in order to represent the surface correctly. Before such a 
surface can be smoothed, density should be chosen in the two directions, using AutoCAD variables SURFU and 
SURFV. 
Legend: 
S1 – constant height plane or upper 3D surface; 
S2 - constant height plane or bottom 3D surface (reference surface); 
V(+) - positive volume (upper reference surface); 
V(–) - negative volume (bottom reference area); 
Ap(+) - flat area for positive volume; 
Ap(–) - flat area for negative volume; 
As(+) - sloping area of the 3D surface for the positive volume; 
As(–) - sloping area of the 3D surface for the negative volume; 
 Points with X, Y, Z coordinate which form the 3D model; 
 Lines of forced change of the slope; 
 Triangles being formed to create the 3D model. 
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Asu(+) - sloping area of the upper 3D surface for the positive volume; the positive volume; 
Asu(–) - sloping area of the upper 3D surface for the 
Asd(+) - sloping area of the bottom 3D surface for negative volume; 
Asd(–) - sloping area of the bottom 3D surface for the negative volume. 
Figure 2. (a) The surface is at the top and the reference plane is at the bottom;  
(b) The plane is at the top and the reference surface is the bottom; (c) The reference surface is at the top and bottom. 
The device used for measuring support points was a Trimble R6 GPS, which is a compact system, operating on 
72 channels, tested in numerous and difficult conditions of temperature, pressure, different constellations of 
satellites, multipath error and responding very well for all requests. The user can use a Trimble R6 unit as a mobile 
receiver (RX) and as a fixed receiver (TX) according to the conditions imposed by the operator. The base receiver 
may deliver differential corrections by radio and internet, via GSM / GPRS. 
Data formats such as CMR +, RTCM 2.3, RTCM 3.0, 16NMA for differential corrections are standard formats 
and provide the ability to communicate with other receivers. They are fully compatible with the data formats 
transmitted by the National Agency of Cadastre and Land Registration in the national network of permanent stations 
via ROMPOS. 
For precise measurement by geometric levelling digital levels, Leica DNA03was used, which allows for rapid 
measurements of heights, height differences and tracing of I and II levelling measurements with high accuracy, 
precision measurements, with standard deviation measurement of height, by km double levelling (ISO 17123-2), - 
electronic measurements with invar staff 0.3 mm, standard staff (codes) 1.0 mm, optical measurement, 2.0 mm, and 
at measurement of distances (standard deviation), (Elect.) 1cm / 20m (500ppm) and measuring range, 1.8 m - 110 m. 
3. Results and discussion 
The construction works of any kind, involve not only the planimetric position determination but position in 
height as well. Therefore their execution must be conducted from this point of view also. In practice it was 
determined that more often than not, with very rare exceptions, levelling measurements bind to the state geodetic 
triangulation network, in altimetric network usually the precision requirements are satisfied in order to solve specific 
engineering measurements. 
Moreover, in practice it was found that in order to avoid unnecessary expenses, the altimetric network core is 
drawn up in many cases, at the same time with designing the planimetric supporting network, then completion is 
performed with the necessary connections. The levelling network for the construction site of the case study was 
carried out for points 1000, GPS1, GPS2, GPS3, starting from the known 1000 landmark height (Z1000 = 203.110 m). 
The network was made using Leica DNA03 digital level, based on the 1000 point. It was then processed using Leica 
GeoOffice software, giving an outline of the levelling network and heights for the other points (Table 1). Leica 
GeoOfiice program has the ability to view data collected with Leica digital levels, selecting parameters, and 
processing levelling lines (Paunescu, 2012, Calina et al., 2012). 
1. First a project is created in which the processing will be saved (Figure 3a); 
2. Importing data – a downloaded file from the level is of the GSI form name, (Figure 3b);  
3. Data processing (Figure 4). 
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Figure 3. (a) Creating the project; (b) Importing GSI file type. 
Figure 4. Levelling line 
The final results of the height of the point are shown in the table below (Table 1.) 
Table 1. The height of the points  
Point Id Back Fore Dist. Height Point Class Point Subclass 
1000 203.11 Control Fixed in Height 
1000 1.569  10.11    
GPS1 1.599 10.78 203.08 
GPS1 1.498  25.04    
GPS3 1.068 25.14 203.54 
GSP3 1.518  16.03    
S1 1.578 18.52 203.48 
S1 1.567  20.87    
GPS2 2.177 21.22 202.87 
GPS2 1.642  10.13    
1000 1.365 10.86 
1000    203.11 Control Fixed in Height 
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Once all the points’ heights have been calculated, both those supporting and of detail, we proceed to calculating 
volumes. Experience has determined that the most common configuration for the land which will be built is 
generally irregular. This situation that is not appropriate in terms of construction. These irregularities will be 
removed by levelling the land, either in the form of a horizontal platform (which is not always indicated) or as a 
platform that will have a certain slope to drain rainwater. 
In order to solve the problems encountered, it is necessary to calculate volume of soil that will be deployed, 
which translates to applying an imposed height of the platform or by equalizing the volume of excavation with the 
fill volume, as it is necessary to have an area of reference with which these volume scan be determine. The chosen 
reference surface represents the land configuration before starting work, after which systematic measurements were 
performed to determine the volume. 
Calculating volume of excavation / filling was carried out based on the height of the known point cloud, using 
TopoLT and 3D models made with this program. In each step, the following 3D models of land were built, which 
can very suggestively portray the land configuration: 
1. Step 1 - on 25.10.2013 (which is selected as the reference surface, Figure 5a); 
2. Step 2 - on 12.07.2013 we have the figure 5b. From the 3D representations a big difference from baseline 
configuration of land can be clearly observed, so it is important to determine these volumes of land in 
different work phases; 
3. Step 3 - on 30.12.2013, Figure 6a;
4. Step 4 - on 23.03.2014 , Figure 6b;
Figure 5. (a) 3D model – 25.10.2013; (b) 3D model – 07.12.2013 
Figure 6. (a) 3D model – 30.12.2013; (b) 3D model – 23.03.2011 
Calculation of volumes of earthwork was also made in stages and is represented in the figures below, 
suggestively colored. 
1.Stage 1 (25.10.2013) – Stage 2 (07.12.2013), Figure 7; 
Figure 7. Cut / fill volume (Stage 1 - Stage 2). 
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The following values resulted: 
- Cut volume: 2697.27 m3
- Fill volume: 0.15 m3
Figure 8. (a) Cut / fill volume (Stage 1- Stage 3); (b) Cut / fill volume (Stage 1 - Stage 4). 
2. Step 1 (25.10.2010) – Step 3 (30.12.2010, Figure 8a);
The following values resulted: 
- Cut volume: 3231.44 m3
- Fill volume : 55.34 m3
3. Step 1 (25.10.2010) – Step 4 (23.03.2011, Figure 8b);
The following values resulted: 
- Cut volume: 4078.10 m3
- Fill volume: 18.83 m3
As shown in the suggestive three-dimensional and chromatic representation, clear and precise embankment 
volumes to be excavated and filled, the surface on which construction has yet to be done has a special configuration 
as there is a big difference between the volume of excavation and fill which increases the costs considerably, since 
the volume of soil displaced by excavation cannot be stored on site, but must be transported and stored on other 
surfaces at a certain distance. 
3. Conclusions 
Drawing a 3D model of the terrain involves performing high precision measurements, thus highly efficient and 
precise modern equipment was used for both the construction of a support network and for surveying points of 
detail, needed for building a cloud of points at a known height. 
Processing the levelling network was performed using the Leica GeoOffice program that has the ability to view 
data collected with Leica digital levels, selecting parameters, and the processing levelling lines, resulting network 
drawing and heights of all the points. 
Use for levelling works of modern devices presented above, as well as data processing with advanced software 
with high power and capacity such as TopoLT, has led to achieving extremely high yields and efficiency, likewise 
very high accuracies compared to the conventional measurements, while respecting all the requirements of technical 
regulations of such engineering works. 
By drawing a 3D surface model in different work stages, seeking to achieve very precise and suggestive images 
of the existing situation on the ground, through which all the embankment volumes that will be excavated and filled 
can be calculated easily and correctly, in order to obtain surface levelling, according to the data inscribed in the 
project execution. 
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